mib demonstrated activity in patients with MM and RI [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
To the best of our knowledge, data regarding the reversibility of RI and the safety of bortezomib come from studies that are heterogeneous with regard to patient selection criteria. Therefore, using a systematic approach we tried to address the still-controversial issue of the improvement of clinical outcome, if any, of MM patients with RI treated with bortezomib-based regimens.
Materials and Methods
A systematic and comprehensive search of the literature was performed using MEDLINE databases from 1978 to December 1, 2010 , and a hand search of references. We used the following medical subject headings (MESH) to identify potential studies: 'myeloma renal failure' (1,225 hits) and 'bortezomib' (2,554 hits). An additional search performed by combining the MESH terms 'myeloma renal failure' and 'bortezomib' yielded 50 citations. Five additional case-control studies judged relevant for the purpose of study were also included [2, 3, 5, [7] [8] [9] . To minimize bias in the results, we restricted our eligibility criteria to studies available as full publications only. We did not include trials published in the form of an abstract because the quality of a trial cannot be judged from the abstract. Our search was also limited to papers published in English.
In total, 6 case reports, 9 cases series and 9 case-control studies were identified ( fig. 1 ). For the purpose of this review, only case series and case-control studies were considered.
We formulated some key questions dealing with the demographic characteristics of the patients studied, the reversal of RI, and the doses and association of bortezomib therapy as well as toxicity.
It is worthy of note that due to heterogeneity in the design of several studies, mainly retrospective, and the inconsistency of reported data, we could not perform a meta-analysis.
Patient Characteristics
Demographic characteristics were available in 18 studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] accounting for 877 patients whose median age was 65 years (range 40-88) [1, 3, 5, 6, 8-11, 14, 15, 17, 18] . Gender, available in 12 studies, revealed a 1.02 male to female ratio [1, 3-6, 10, 11, 14-18] . Several patients (597 out of 877, or 68%) had relapsed/refractory MM, while the assessment of disease burden, performed according to Durie & Salmon staging in 4 studies [8, 10, 14, 18] and to the International Staging System (ISS) in 5 [2, 4, 5, 15, 16] , revealed an advanced disease stage in the majority of patients. Accordingly, the percentage of patients in Durie and Salmon stage III ranged between 56 and 100% (median 79%), while patients in ISS stage III were between 21 and 100% (median 74%).
Definition and Assessment of RI
Serum creatinine is the easiest method for assessing RI in MM. Accordingly, a serum creatinine higher than 2.0 mg/dl represents one of the hypercalcemia, RI, anemia and bone disease (CRAB) diagnostic criteria for symptomatic MM requiring therapy [19] . However, the serum creatinine level may depend on a number of factors such as age, sex and muscle mass. In this context, the glomerular filtration rate (GFR) appears to be a more accurate parameter, providing a true reflection of renal function. However, limitations in clinical practice in the use of either inulin or radiotracers have reduced its applicability.
The creatinine clearance (CrCl) by timed (24-hour) urine collections has long been a mainstay in the assessment of renal function. Due to the additional tubular secretion of creatinine, a mechanism which becomes relatively more important when renal function declines, CrCl may overestimate GFR. In addition, based on CrCl, a novel classification of chronic kidney disease has recently been produced ( table 1 ) [20] .
Serum creatinine concentration was used to assess the extent of RI in 6 studies [8, [10] [11] [12] [13] [14] and CrCl in 12 studies [ 1-7, 9, 15-18] . Interestingly, a growing use of CrCl characterizes studies published in the last few years.
Another relevant issue concerns the heterogeneity of the threshold selected to define RI. According to the arbitrary threshold chosen by different investigators, a CrCl value of 30 ml/min was used in 3 studies [4, 9, 17] , CrCl ranged between 50 and 60 ml/min in 3 additional reports [2, 6, 7] , while CrCl cutoff was increased to 80 ml/ min in a single study [3] .
Even the definition of the reversal of RI differs among various studies. In 5 reports, a generic definition of decreased creatinine levels is provided [8, 10, 14, 15, 17] , while in 2 studies the reversal of RI meets the criteria of a reduction of creatinine levels under 1.5 mg/dl [1, 12] . With the chronic kidney disease classification, new standards of improvement of renal function in MM have recently been proposed [5, 6] . Renal complete response (CR renal) was defined as sustained (i.e. lasting at least 2 months) improvement of CrCl from lower than 50 ml/ min at baseline to 60 ml/min. Renal partial response (PR renal) was defined as sustained improvement of CrCl from lower than 15 at baseline to 30-59 ml/min. Renal minor response (MR renal) was defined as sustained improvement of baseline CrCl of lower than 15 ml/min to 15-29 ml/min or if baseline CrCl was 15-29 ml/min, improvement to 30-59 ml/min. This more accurate method to define the degree of reversal of RI has been used in more recently published studies [4] [5] [6] 16] . From a clinical standpoint, it helps to better assess the strength of renal response to therapy in comparison to criteria based only on serum creatinine measurements [20] .
Correlation of RI with Response and Clinical Outcome
The pharmacokinetics of bortezomib are not affected by the degree of RI, as the primary metabolic pathway of bortezomib is the oxidative deboronation by cytochrome P450 [21] . On the other hand, studies indicate that bortezomib can produce improvement in renal function throughout NF B inhibition [3, 5, 6, 14, 17] .
The rate of RI reversibility after treatment with bortezomib was addressed in 12 studies [1, 3-6, 8, 10, 11, 14-17] ( table 2 ) . It should be pointed out that the wide range of RI reversibility observed (16-85%; median 41%) reflects, at least in part, the heterogeneity of measurements. However, also when Ludwig et al. criteria [5] were applied, results did not change (i.e. CR renal ranged between 30 and 71%). The heterogeneity of the patient cohort and the retrospective character of several studies may account for these discrepancies [4] [5] [6] 16] .
Some studies provide a comparison in terms of disease response between patients with RI and patients with normal renal function. Interestingly, the overall response rate after treatment with bortezomib was relatively high ( table 3 ) and did not reflect the pretreatment renal status [2, 3, 7, 8, 13, 16] ; furthermore, results were similar when looking at the time to progression (TTP) [2, 7] or to progression-free survival [8] . In a subanalysis of the Study of Uncontrolled Multiple Myeloma Managed with Proteasome Inhibition Therapy (SUMMIT) and the Clinical Response and Efficacy Study of Bortezomib in the Treatment of Relapsing Multiple Myeloma (CREST) phase II, 3 of 10 patients (30%) with CrCl ^ 30 ml/min demonstrated responses to treatment, compared with a 45% overall response rate in patients with baseline CrCl higher than 80 ml/min [9] .
In a report of the phase III Assessment of Proteasome Inhibition for Extending Remissions (APEX) study of bortezomib versus high-dose dexamethasone, the efficacy and safety was assessed in patients with relapsed MM with varying degrees of RI. TTP, overall survival and safety were comparable between subgroups with CrCl ^ 50 ml/min and CrCl higher than 50 ml/min, although there was a trend toward shorter TTP and overall survival in patients with CrCl ^ 50 ml/min [2] . Similar results were observed in studies recently published by Morabito et al. [3] and Ludwig et al. [5] .
Interestingly, when factors predictive of reversal of RI were sought, it was found that bortezomib-based regimens and CrCl higher than 30 ml/min were the only parameters independently associated with a higher probability of achieving renal response (PR or CR renal) [4] .
More appealing were the results observed in patients treated upfront with bortezomib. In newly diagnosed patients who were not eligible for an autologous transplantation, Dimopoulos et al. [16] recently reported the results of the subgroup analysis of the Velcade as Initial Standard Therapy in Multiple Myeloma: Assessment with Melphalan and Prednisone (VISTA) phase III trial, regarding the effect of the VMP (bortezomib, melphalan, prednisone) combination on RI. Response rates were higher and both TTP and overall survival were longer with VMP versus melphalan and prednisone across renal cohorts. Reversal of RI, defined as a baseline eGFR lower than 50 improving to higher than 60 ml/min, was seen in 49 of 111 (44%) patients receiving VMP versus 40 of 116 (34%) of those receiving melphalan and prednisone. Relatively younger age (i.e. ! 75 years) and eGFR 6 30 ml/min were independently associated with higher reversal rates. In both arms, rates of grade 4 and 5 adverse events appeared higher in patients with RI.
The time to reversal of RI after therapy with bortezomib, assessed in 10 reports, is also an important issue [1, 3-6, 10, 12, 14-16] . This time appears to be relatively short (median 1.4 months; range 0.5-3.7 months) and led to the dialysis independence of 8 out of 32 (25%) previously dialyzed patients [3, 5, 6] . [2] 203 relapsed or refractory 40 Morabito et al. [3] 27/90 upfront/relapsed or refractory 66 Roussou et al. [4] 17 upfront 82 Ludwig et al. [5] 50/18 upfront/relapsed or refractory 72 Dimopoulos et al. [6] 10/36 upfront/relapsed or refractory 63 Bladé et al. [7] 193 relapsed or refractory 45 Knauf et al. [8] 14 relapsed or refractory 62 Jagannath et al. [9] 10 relapsed or refractory 30 Malani et al. [10] 4 relapsed or refractory 100 Chanan-Khan et al. [11] 1/23 upfront/relapsed or refractory 75 Kastritis et al. [12] 2 upfront not available Onitilo et al. [13] 11 upfront/relapsed or refractory 68 Ludwig et al. [14] 7/1 u pfront/relapsed or refractory 62 Li et al. [15] 18 upfront 83 Dimopoulos et al. [16] 111 upfront 68 Qayum et al. [17] 6 upfront/relapsed or refractory 73 Siniscalchi et al. [18] 5 upfront 100
Dose and Schedule of Bortezomib
Almost all patients were treated according to a standard schedule with a dose of 1.3 mg/m 2 on days 1, 4, 8 and 11, repeated every 21 days [1-10, 12-16, 18] . Doses of bortezomib were reduced to 1.0 mg/m 2 or even to 0.7 mg/m 2 in patients with grade 3-4 nonhematologic toxicity [9] . In 3 patients [17] , the bortezomib starting-dose was 1.0 mg/m 2 because of poor performance status (ECOG 3-4) or a patient being older than 70 years, while in 4 patients, the reasons for the reduction of bortezomib doses were not specified [11] [12] [13] [14] [15] [16] [17] .
Bortezomib was used alone [7] [8] [9] [10] [11] 14] or more frequently in association with dexamethasone [1-6, 8, 10-15, 17, 18] . Association with chemotherapy included Adriamycin [1, 5, 6, 14] , epirubicin [15] , pegylated liposomal doxorubicin [7] and melphalan [16] . Finally, either thalidomide [1, 6, 11, 12] or lenalidomide [6] were associated with bortezomib in some recently published reports.
Toxicity
Adverse events and side effects were generally described in all 18 studies considered in the present analysis [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . A predominance of peripheral neuropathy and thrombocytopenia was found. Remarkably, toxicity was generally found comparable in 5 studies including MM patients with and without renal failure [1] [2] [3] [4] 9] . The rate of grade 3-4 thrombocytopenia was higher in the subset of patients who had renal failure in the study by Jagannath et al. [9] . When a different pattern of toxicity was observed in relation to the status of renal function, the rate of discontinuation of therapy was similar [16] .
Conclusions
Despite the paucity of data, it is important to note that this article represents the first systematic review of the entire body of available clinical evidence dealing with the use of bortezomib in MM patients with RI.
The following conclusions could be drawn from the studies analyzed in this review: (1) bortezomib is feasible and well tolerated, and its efficacy and safety are not substantially modified by renal failure patients, (2) renal failure should not induce physicians to reduce doses, since the efficacy of bortezomib is maintained also in dialyzed patients who may achieve dialysis independence, and (3) standard doses of bortezomib (i.e. 1.3 mg/m 2 on days 1, 4, 8 and 11) associated with dexamethasone yield a satisfactory tumor response rate, generally obtained in a short period of time.
Whether different schedules of bortezomib based on a weekly administration [22] might be successfully used in MM patients with RI is so far not clear. This approach could be interesting in limiting the two main side effects of the drug, namely thrombocytopenia and peripheral neuropathy. Likewise, the value of a maintenance therapy with bortezomib in responding patients who do not achieve reversal of RI should be carefully evaluated.
